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 Abstract  
There is no doubt that the increasing tire waste was risk to health and 
environmental problem. In conjunction from that problem, this research 
paper will focus to use crumb rubber as a partial replacement of fine 
aggregate in lightweight concrete. This paper summarizes, compare and 
draw general conclusion in term of properties of physical and mechanical of 
partial replacement of fine aggregate by crumb rubber in lightweight 
concrete. The physical properties in this research paper is specific gravity and 
density while mechanical properties are compressive strength and modulus 
of elasticity. 
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1.0  INTRODUCTION 
Industrial waste usually come from many factor especially is from the serious 
environment damage. The production of tyre has been increasing due to 
the highly developed auto-mobile industry and the popularization of 
transportation vehicle. In the past 9 years, more than 100,000 metric tons has 
been record as a annual average waste tires in industrial waste. In addition, 
waste tyre are difficult to decompose and the disposal of waste tires by 
landfill will shorten the service life of the landfill site, and thus, this disposal 
method is not economically reasonable. Dioxin generated from the 
combustion of waste tires will willful disposal of the waste tires may create a 
hot-bed for vector mosquito and other pests, causing harm to the 
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environment and posing the risk of environment damage [1]. The elimination 
of tires by burning has been a common disposal undertaken using them as 
fuel for cement kilns, reducing energy costs but expelling large amount of 
CO2 into the atmosphere [2]. 
 Before this, waste tyres was something that don’t useful for life, but 
nowadays, this waste tyre was used in construction and engineering as 
material. There are many type of tires from different vehicle like cars and 
truck, which has been composed from different tyre recycling industries and 
different types of fibre, but the great tyres are from cars [3]. For instance, J. 
LV et al [4] reported that this recycle waste tyre can be used in construction 
industries as cement mortar and concrete by crushed the tyre into particle 
with different size and using them as aggregate. In most of the researches 
performed, usually three broad categories of discard tyre rubber have been 
considered such as chipped, crumb and ground rubber [5]. In this review 
paper, crumb rubber has been choosing to use as partial replacement of 
fine aggregate in lightweight concrete. Previous experimental studies on 
crumb rubber concrete reported that using rubber in concrete can replace 
its ductility, toughness, impact resistance, energy dissipation, and damping 
ratio. However, it reduced its compressive strength, tensile strength, and 
modulus elasticity compared to conventional concrete [6]. 
 Lightweight concrete made with natural aggregate originating from 
hard rock has a density within a narrow range because the specific gravity 
of most rocks varies little. Although the volumetric content of the aggregate 
in the mix affects the density of the concrete, but it’s not the major factor. 
Thus, in practice, the density of normal weight concrete lies within the range 
of 2200 to 2600 kg/m3 (140 to 160 lb/ft3). The practical range of densities of 
lightweight concrete is between about 300 and 1850 kg/m3 (20 and 
115lb/ft3). The use of concrete with a lower density construction on ground 
with a low load-bearing capacity. Concrete with a lower density also gives 
better thermal insulation than ordinary concrete. On the other hand, 
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lightweight concrete has a higher cement content than normal weight 
concrete [7]. 
 From previous research, plenty of works were found on studying about 
the performance of lightweight concrete. The properties of a new type of 
concrete like lightweight concrete is lightweight, good thermal, fire 
resistance, seismic resistance and environmental friendliness [8]. Researcher 
L. Hunag et al.  said that lightweight concrete has several unique properties 
such as lower in density, lower in strength and higher in water absorption rate 
than normal-weight concrete. In mechanical performance, concrete using 
lightweight aggregate is different from concrete using normal-weight 
aggregate. It has been widely applied in the high-rise building and long span 
bridges [9]. 
 
2.0  REVIEW OF WASTE TYRE RUBBER IN LIGHTWEIGHT CONCRETE 
 
2.1  THE PROPERTIES AND CLASSIFICATION OF RUBBER 
In this review study, there are few properties and classification of rubber 
according to the previous research. Rubber tyre aggregate are 
manufactured by processing (e.g. chipping, shredding, etc) non-reusable, 
worn vehicles tyres into a range of classified particle size distribution or fibers. 
Processing is mechanical and generally occur either at ambient or 
cryogenic temperatures. Ambient temperature mechanical grinding is 
commonly used in industry where the scrap tyre is cut into small piece by 
using ‘cracker mills’ and granulator techniques. In cryogenic processing, the 
scrap tyres are frozen in liquid nitrogen below the glass transition 
temperature then crushed using automatic hammer. In both processes, the 
steel wires in the tyres are separated by applying a magnetic field and the 
rubber particle are separated from the wire mesh using vibrating sieves. The 
material produces from truck or car tyres, and the associated processing 
technique, can affect its suitability as a rubber aggregate through the 
quantity of steel and textile fiber reinforcement present, and the shape and 
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texture of the particles. These in turn influence the properties of the PRC [10]. 
Some researcher argue that cryogenic process is more efficient in terms of 
producing aggregate with a more acceptable geometry, and without 
fabric or steel contamination [11]. Table 1 show classification of waste rubber 
according to the size of rubber. 
 
Table 1: Classification of waste rubber [12]. 
 
Types Size Manufacturing method 
Application in 
concrete 
Shredded / 
chipped 
Shredded 
Length : 300mm-430mm 
100mm-150mm 
Width  : 100mm-230mm 
Chip    : 13mm-76mm 
Involved primary, secondary 
or both shredding operation 
Involved primary and 
secondary shredding 
Gravel 
replacement 
Crumb 
rubber 
0.425mm-4.75mm 
1. Cracker mill process 
2. Granular process 
3. Micro mill process 
Sand 
replacement 
Ground 
rubber 
0.0075-0.475mm 
1. Magnetic separation 
2. Screening 
Cement 
replacement 
Fiber rubber Length : 8.5mm-21.5mm From shredded tire 
Reinforced 
fiber 
 
2.2  CRUMB RUBBER 
Crumb rubber (CR) is a commodity made by re-processing (shredding) 
disposed automobile tires. Shredding waste tires and removing steel debris 
found in steel-belted tires generates crumb rubber. There are three 
mechanical methods used to shred apart these tires to CR: the crackermill, 
granulator, and micromill methods. CR can also be manufacturing the 
rubber after reducing the temperature with nitrogen. CR is fine rubber 
particles ranging in size from 0.075-mm to no more than 4.75-mm. in the 
concrete mix, CR constitutes a portion of the aggregate in the concrete mix 
[13]. 
 
2.3  ADVANTAGES OF CRUMB RUBBER IN LIGHTWEIGHT CONCRETE 
The rubberized concrete is found to be a perfect material for the structural 
member exposed to rapid effects and for which preferred toughness or 
Concrete Technology: Research and Applications Series 2 
 
121 
 
 
deformability holds greater significance than strength, like road foundations, 
jersey barrier and bridge barriers. Specifically, rubberized concrete has 
dynamic attributes to minimize the vibration and to absorb the impact 
energy more helpfully than the conventional concrete [14]. Therefore, use of 
crumb rubber particles in concrete provides twofold benefit to the 
environment as it helps to reduce both natural resource demand for 
concrete production, and support the waste management problem of 
scrap tire [15]. 
 
3.0  PHYSICAL PROPERTIES 
Some physical properties of lightweight concrete include specific gravity 
and densities. Each properties have been discussed by the several previous 
researcher.  
 
3.1  SPECIFIC GRAVITY 
Specific gravity refers to the volume of the solid material excluding all pores, 
and be defined as the ratio of the mass of the solid, referred to vacuum, to 
the mass of an equal of gas-free distilled water. Specific gravity is then the 
ratio of the mass of the aggregate dries in oven at 100°C to 110°C for 24 
hours to the mass of water occupying a volume equal to that of the solid 
including the impermeable pores [16]. Table 2 below show specific gravity 
of aggregate and rubber from the previous research. 
 
Table 2: Specific gravity of Aggregate and Rubber [17]. 
 
Aggregate type Specific gravity 
Coarse aggregate 2.65 
Fine aggregate 2.67 
Rubber aggregate 1.16 
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3.2  DENSITY 
Neville AM state that, density also called unit mass or unit weight in air, can 
be determined experimentally by using ASTM standard C 138-09 or BS EN 
12350-6: 2009. Theoretically, density is the sum of masses of all the ingredient 
of a batch of concrete divided by the volume filled by the concrete. Density 
can be either in fresh or hardened state. The practical range of densities of 
lightweight concrete is between about 300 and 1850 kg/m3 (20 and 
115lb/ft3) and the density of rubber granulates (with the dimensions of grains 
comprised between 0.8 and 20mm) is lower than that of the stone 
aggregate [18]. Table 3 below summarize a detailed density from previous 
research by replaced with fine aggregate. Overall outcome from this review 
indicate that density is reducing by replaced crumb rubber with fine 
aggregate. 
 
Table 3: Previous research about density of concrete by replaced with fine 
aggregate. 
 
Physical 
properties 
Taha et al 
(2008) 
Najim et 
al (2012) 
Gupta T. 
(2014) 
Medina et 
al (2016) 
Bisht K. et 
al. 
(2017) 
Girkas G 
et al. 
(2017) 
Percent rubber 
replacement% 
/ 
Density(kg/m3) 
25/2110 
50/2050 
75/1990 
100/1890 
0/2150 
5/2190 
10/2240 
15/2260 
0/2530 
5/2445 
10/2443 
15/2350 
20/2257 
0/2422 
20/2264 
40/2156 
60/2026 
80/1858 
100/1742 
0/2500 
4/2400 
4.5/2300 
5/2250 
5.5/2200 
0/2403 
5/2354 
10/2286 
20/2170 
 
4.0  MECHANICAL PROPERTIES 
Lightweight aggregate concrete has the potential to alter the mechanical 
properties of rubberized concrete. The substitution of natural normal-weight 
aggregate with lightweight aggregate such as expanded shale, has the 
potential to expand applications of rubberized concrete. The mechanical 
properties of rubberized lightweight concrete including compressive 
strength and modulus of elasticity [19]. 
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4.1  COMPRESSIVE STRENGTH 
Neville A.M in his research state that, concrete mixture can be designed to 
provide a wide range of mechanical and durability properties to meet the 
design requirements of a structure. The compressive strength of concrete is 
measured by breaking cylindrical concrete specimens in a compression-
testing machine. The deterioration in compressive strength is similar to that 
indicated for Plain Rubberised Concrete (PRC), which can logically attribute 
to the low modulus of elasticity (E) for rubber particle and high Poisson ratio 
which may encourage premature cracking under load, increased porosity 
due to air entrainment from rubber particles and weak bonding in the 
interfacial transition zone between the cement paste [20]. Detailed study 
has also shown that compressive strength decreases as the amount of 
rubber particle increased [21].  
 
4.2  MODULUS OF ELASTICITY 
Modulus of elasticity is the ability of concrete to deform under load and 
return to the original dimension when the load is pulled out [22]. The average 
of Young’s Modulus of elasticity at 7, 28 and 91 days for the OPC is 24, 25 and 
26 GPa [23]. 
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No Author/date Title Outcome 
1. 
Taha et al. 
(2008) 
Mechanical, fracture, and 
microstructural 
investigations of rubber 
concrete 
- Replacement of 25%, 50%, 75% and       
  100% of fine aggregate indicate result   
  20.00, 18.00, 11.00, and 5.00Mpa of   
  compressive strength. 
- The reduction in compressive strength     
  is directly proportion to the tire rubber   
  content. 
2. 
Khaloo et al. 
(2008) 
Mechanical properties of 
concrete containing a 
high volume of tire-rubber 
particles 
- Tyre rubber were used to replace   
  12.5%, 25%, 37.5 and 50% aggregate  
  give result 6.36, 1.22, 0.81 and 0.55Mpa   
  compressive strength. 
- The ultimate strength is at 25%   
   concentration. 
3. 
Ganjian E et 
al. 
(2009) 
Scrap-tyre-rubber 
replacement and filler in 
concrete 
- 0%, 5%, 7.5% and 10% replacement   
  with result 33, 34, 30 and 25Mpa. 
- Replacement of 7.5 and 10% of  
  powder rubber reduced the strength  
  by 10-23% respectively. 
4. 
Topcu et al. 
(2009) 
Experimental investigation 
of some fresh and 
hardened properties of 
rubberized self-
compacting concrete 
- Compressive strength is exactly  
  dependant on concrete age due to  
  the existence of cement and  
  pozzolan 
5. 
Najim K.B and 
Hall M.R 
(2012) 
Mechanical and dynamic 
properties of self-
compacting crumb 
rubber modified concrete 
- 0%, 5%, 10% and 15% percent  
  replacement give result 56, 43, 34 and  
  25Mpa compressive strength  
  respectively 
- reduces based on percent   
  replacement of crumb rubber 
6. 
Issa C.A and 
Salem G 
(2013) 
Utilization of recycled 
crumb rubber as fine 
aggregates in concrete 
mix design 
- Good compressive strength result  
  were recorded at rubber content  
  lower than 25% in replacement of  
  crushed sand 
7. 
Wang HY. et 
al 
(2013) 
A study of the fresh 
properties of controlled 
low-strength rubber 
lightweight aggregate 
concrete (CLSRLC) 
The amount of rubber replacement 
increases, while the compressive 
strength decrease respectively. Before 
the rubber replacement reaches 205, 
the early-stage compressive strength is 
greater than 0.7Mpa and achieve 
ASTM standard. 
8. 
Gupta T. 
(2014) 
Assessment of mechanical 
and durability properties 
of concrete containing 
waste rubber tire as fine 
aggregate 
- Percent of 0%, 5%, 15% and 20%    
  replaced with fine aggregate indicate  
  60, 59, 57, 55 and 40Mpa respectively. 
- It is observed that the compressive  
  strength of rubber is decrease with the  
  increasing percentage of rubber ash. 
9. 
Eldin et al. 
(2015) 
Rubber-Tire Particle as 
concrete aggregate 
- 0%, 25%, 50%, 75% and 100% give  
  result 38, 19, 12, 10 and 7Mpa  
  compressive strength after  
  replacement. 
- There almost no increase in  
  compressive strength between 7th and   
  28th day. 
Table 4: Result compressive strength from previous study.  
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10. 
Lv Jing et al 
(2015) 
Effects of rubber particles 
on mechanical properties 
of lightweight aggregate 
concrete 
- The increase in rubber particles  
  content from 0% to 100% resulted  
  in gradually decrease in the  
  compressive strength from 41.Mpa  
  to 7.8Mpa. 
 
11. 
Medina et al. 
(2016) 
Influence of fibers partially 
coated with rubber from 
tire recycling as 
aggregate on the 
acoustical properties of 
rubberized concrete 
- There is high reduction of compressive  
  strength with crumb rubber from  
  47.78Mpa to 6.33Mpa with 0% to 100%  
  respectively. 
12. 
Youssf et al. 
(2016) 
Assessment of the 
mechanical performance 
of crumb rubber concrete 
Using rubber particle in concrete mix 
decreased its compressive strength by 
30.5% and 32.8 at 7 and 28days, 
respectively. 
13. 
Hilal N.H 
(2016) 
Hardened properties of 
self-compacting concrete 
with different crumb 
rubber size and content 
- As the rubber content increased, the  
  compressive strength systematically  
  decreased. 
- The strength decrease with an  
  increasing rubber content is attributed  
  to two reason : (1) crack started  
  rapidly near the rubber particles in the  
  mix and (2) rubber particle function as  
  void in the concrete matrix because  
  of the absence of adhesion between  
  the rubber particles and the paste. 
14. 
Fantilli et al. 
(2016) 
Ecological and 
mechanical assessment of 
lightweight fiber-
reinforced concrete 
made with rubber or 
expanded clay 
aggregate 
0%, 5% and 7% replacement of 
aggregate indicate 21.5, 23.36 and 
22.91Mpa compressive strength. 
15. 
Hunag et al. 
(2016) 
Properties of the 
mechanical in controlled 
low-strength rubber 
lightweight aggregate 
concrete (CLSRLC) 
- The compressive strength decreased  
  with rubber particles replacement  
  percentages up to 20% but the design  
  strength requirement was still met. 
16. 
Medina et al. 
(2017) 
Mechanical and thermal 
properties of concrete 
incorporating rubber and 
fibers from tyre recycling 
- When crumb rubber replaced 80-  
  100% of natural aggregate in  
  concrete they present a lower  
  
 compressive strength and Young’s  
 modulus. 
17. 
Mendis et al. 
(2017) 
Behaviour of similar 
strength crumbed rubber 
concrete (CRC) mixes with 
different mix proportion 
The compressive strength decrease 
with the replacement of crumb rubber. 
18. 
Miller et al. 
(2017) 
Mechanical properties of 
rubberized lightweight 
aggregate concrete 
- The compression strength of  
  rubberized lightweight aggregate  
  concrete was observed to decrease  
  as rubber content increased. 
- The control mix reached 23.4Mpa  
  which was beyond the target  
  strength. 
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5.0  PREVIOUS STUDY 
Table 4 indicate the previous study about the result from the use of rubber in 
concrete. The table shown compression strength of lightweight concrete. 
Every review testify the different result based on percentage of replacement 
of rubber with aggregate. 
 From year 2008 to 2017, in general compressive strength indicate 
decreasing as increasing of partially of replacement of crumb rubber with 
fine aggregate. Taha et al (2008), put forward that the reduction in 
compressive strength is directly proportion to the tire rubber content while 
Topcu et al (2009), say compressive strength is exactly dependent on 
concrete age due to the existence of cement and pozolan. Najim and Hall 
(2012), also state that compressive strength reduces based on replacement 
of crushed sand. In research year 2013 by Issa and Salem, they prove that 
good compressive strength result were recorded at rubber content lower 
that 25% in replacement of crushed sand. Gupta (2014), Youssf et al.(2016), 
Hilal(2016), Mendis et al(2017) also determined that compressive strength 
decrease with the replacement of crumb rubber percentage. 
 
6.0  CONCLUSION 
In summary, the replacement of rubber crumb contribute the increasing of 
crumb rubber particle have decreasing of compressive strength in concrete. 
Density of concrete also reduces by replaced crumb rubber with fine 
19. 
Bisht K. and 
Ramana P.V. 
(2017) 
Evaluation of mechanical 
and durability properties 
of crumb rubber concrete 
- It has been observe that concrete  
  strength decrease with increase in the  
  percentage of crumb rubber. 
- The incorporation of 4% and 5.5%  
  crumb rubber in concrete as an    
  alternative to fine aggregates result in  
  a decrease of compressive strength  
  by 3.79% and 17.8% respectively  
  compared to the control mix. 
20. 
GirkasG et al. 
(2017) 
Crushed rubber waste 
impact of concrete basic 
properties 
- The control specimen without rubber  
  admixture had the highest  
  compressive strength of 62.5Mpa  
  while the lowest is concrete mix with  
  20% replacement is 24.2Mpa. 
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aggregate. The replacement ratio should not exceed 30% of the total 
aggregate volume, in order to maintain acceptable levels of strength and 
stiffness for the rubberized concrete. The normal strength lightweight 
aggregate concrete applications containing rubber particles could be 
produced, and it can be used in no primary structures, such as building 
exterior wall, partition walls, sidewalks, crash barrier and paving, etc. Hence, 
the future of large scale recycling of waste tires as fine aggregate concrete 
is also promising, and this will inevitably bring about huge environmental and 
sustainability benefits. 
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